In Chile, the first case of COVID-19 was confirmed on 3 March, almost two months after the novel coronavirus SARS-CoV-2 was officially declared by China CDC as the causal agent of the outbreak initiated on Wuhan on 17 November 2019 ([@B1]).

The responses of countries to the pandemic range over a diversity of strategies ([@B2]-[@B5]) and the current evidence on those strategies still relies mostly on modelling studies based on developing knowledge and available public data ([@B6]). From the experience of countries with large-scale community transmission such as China, Italy or Spain, it has been learned that COVID-19 requires unprecedented mobilization of health systems ([@B7]). The demand on health care systems, especially intensive care units (ICU), coming from large numbers of people becoming ill simultaneously has stressed the health systems.

The threat from COVID-19 is dependent on the number of new cases occurring simultaneously in a given time and the capacity of a country's health care system to respond to the increasing demand for health care ([@B7]). According to the World Health Organization, a comprehensive national response should include public health measures that break chains of person-to-person transmission (identification, isolation, testing, and clinical care for all cases; tracing and quarantine of all contacts), as well as other public health and social measures involving all sectors to suppress or stop community spread of COVID-19 (actions by individuals, institutions, communities, local and national governments) ([@B8]). The prompt decision-making at the national level regarding public health actions and the involvement of all sectors in order to ensure that every sector takes ownership of and participates in the response are key to success ([@B9]). Moreover, the capacity for the health care system to effectively respond to the demand will depend on the available resources, particularly hospital beds, intensive care units (ICU) capacity and specialized human resources.

In Chile, during the four month-period after the first case was officially reported, several public health measures have been undertaken to both attempt to stop the spread of COVID-19 and to strengthen the health care system response capacity.

The objective of this study is to report the surveillance of COVID-19 pandemic and to analyse the response to public health interventions implemented during the first 120 days of the pandemic, from 3 March to 30 June 2020.

MATERIAL AND METHODS
====================

We conducted an observational ecological study based on official daily public reports from the Ministry of Health of Chile, including new confirmed cases, severe cases requiring admission to ICU, deaths attributable to COVID-19, and the number of new diagnostic test (RT-PCR) for SARS-CoV-2 detection both at the national and subnational levels (regions) ([@B10]).

To monitor the evolving situation of the pandemic five main indicators were used: 1) estimates of the effective reproductive number *R*~e~; 2) estimates of the underreporting of cases; 3) estimates of the burden of ICU beds occupation; 4) estimates of the corrected (delay-adjusted) case fatality ratio; and 5) number of diagnostic RT-PCR for SARS-CoV-2 performed.

We calculated *Re (t)* using the method developed by Cori et al. ([@B11]). We considered the last 2 weeks (14 days) and a serial interval τ = 5 days ([@B10]) with usual variability between 3 and 7 days ([@B12]-[@B14]).

Underreporting of cases was estimated according to the method proposed by Russell et al. ([@B15],[@B16]). The crude fatality ratio (quotient between the number of deaths and the number of total cases at time *t*) was corrected for the lag between diagnosis and death, on average about 13 days; however, the lag period can be shorter or longer than average, which is determined by the probability distribution of dying at a given time after diagnosis. An adapted version of the R code provided by Russell et al. ([@B15],[@B16]) was used to estimate the corrected case-fatality ratio (*Lc*). According to the same authors the underreport correction was estimated from the difference between the corrected fatality ratio and a reference value that was 1.38% ([@B16]).

We estimated the burden of critical beds based on the index proposed by González et al. ([@B17]), which we modified to: $$I_{ICU} = \frac{ICUr}{0.5ICU}$$, where *ICU*/0.5*ICU* is the reported number of ICUs  in Chile ([@B18]) and *ICUr* is the daily number of occupied critical beds reported by the Ministry of Health. *I*~ICU~ \> 1 means that there is an overload. This number of beds includes both public and private hospital providers.

Since April 9, the Ministry of Health is reporting the number of diagnostic test (RT-PCR) performed for each country region. These data not always correspond to the exact number of samples per region since exams are sent for analysis elsewhere when their number exceeds the region's PCR testing capacity. In spite of this limitation, we consider the available data useful as the best proxy for the diagnostic effort at subnational level.

The diagnostic effort for each region was estimated as the ratio between the average daily PCR between 7 and 20 May (last 14 days), divided by the total population of the region. Thus, this value represents the average daily amount of PCR per 100,000 inhabitants in the region (PCR rate per 100,000 inhabitants). We also calculated the average number of new cases per day per region, for the same period (C\*). The ratio between these values, *Dc = C\*/(PCR rate),* indicates the daily average increase of new COVID-19 cases for each point of increase in diagnostic effort rate (per 1,000,000 inhabitants). In addition, we calculated the number of PCR tests per confirmed case, for the whole country and each region.

Since our study is based on secondary data from the Chilean Ministry of Health's official daily public reports it did not required approval from an Ethics Committee.

RESULTS
=======

Case characteristics
--------------------

As of 30 June, a total of 261,215 cases had been reported with a cumulative incidence of 1608.7 cases per 100,000 inhabitants, distributed similarly among males and females (man/woman ratio = 1,074). The average age of confirmed cases was 41.72 years (± 18.15 standard deviation), with a median of 40 years. Patients admitted into ICU totalled 2016, with an age 60.4 ± 16.8 years (Me = 61.9 years). The deceased totalled 5,688 cases, with an age of 73.3 ± 14.5 years and (Me = 74.8 years).

Epidemiological surveillance
----------------------------

In Chile, the COVID-19 pandemic began on 3 March with the detection of the first imported case. From that moment on, it presented a rapid exponential increase. The main public health interventions were case isolation and contact tracing, jointly implemented with successive social distancing interventions such as closure of schools and universities country-wide (15 March), national overnight curfew (22 March), lockdown of communes (municipalities) in Santiago Metropolitan Region (26 March), Temuco (Araucanía Region, 28 March), Chillán (Ñuble Region, 28 March), Osorno (Los Lagos Region, 30 March) and Arica y Parinacota Region (16 April). Considering the important increase in the number of cases from 2 May, a total of 30 municipalities were forced into lockdown on May 8 and later included the entire capital city of Santiago (May 15). The epidemic curve of confirmed new cases presented a deceleration on day 25 of the pandemic (27 March). Subsequently, there was an increase at a lower rate and stabilization at around 400 confirmed cases per day from 9 April to 1 May. A marked increase in the epidemic curve was evident since 2 May, with a rapid increase particularly due to a growing outbreak on poor and densely populated areas of Santiago, with a peak on mid-June ([Figure 1](#fig01){ref-type="fig"}).
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However, based on the case fatality adjusted for delay, a significant underreport of new cases was estimated ([Figure 2](#fig02){ref-type="fig"}). We estimated that nearly 50% (CI 95%: 43% - 56%) of the symptomatic cases would have been detected at 30 June, day 120 of the outbreak, with an important decline starting in early April, suggesting that the testing capacity of the country reached its roof at that point and was not able to expand at the rate of the epidemic spread.

The reproductive number (*R*~e~*(t)*) progressively decreased, stabilising at values close to 1.0 between 13 and 27 April, with a significant increase after this date, stabilizing around 1.3 to 1.4 at the end of May, but decreasing to values lower than 1.0 from 20 June to the last day covered in our study (30 June) ([Figure 3](#fig03){ref-type="fig"}).

Despite the initial decrease in the speed of the spread of COVID-19 in the country, eight regions had acceleration with respect to the previous week, and nine regions had a reproductive number higher than one ([Table 1](#tbl01){ref-type="table"}).

Up to 30 June, a total of 1,120,177 PCR tests have been performed for COVID-19, with a rate of 3.97 tests per confirmed case. The diagnostic effort is highly variable between regions. In the Metropolitan region for each point of increase in PCR rate the number of daily cases increases significantly ([Table 2](#tbl02){ref-type="table"}).

The burden on critical beds in the first 50 days of the pandemic remained at values that were tolerable at the country level, but with a heterogeneous distribution at the regional level. However, after the rapid increment of cases, at 30 June the situation had reached very critical levels with high demand and occupation of ICU beds, almost doubling the pre-pandemic capacity of ICU beds (1,200 ICU beds; 6.2 beds/100,000 inhabitant).

When comparing the trajectory of the Chilean epidemic with initially modelled scenarios, after an accelerated starting period the epidemic trajectory evolved according to a more favourable scenario, but with a critical increase since the first days of May. Likewise, the occupation of ICU beds, which was initially above the expected values but below saturation threshold, by the end of May the demand of critical beds reached 1,000 ICU occupied and 2,497 by the end of June (I~ICU~ = 1.49).

DISCUSSION
==========

COVID-19 has become a pandemic compromising many countries and leading to dramatic scenarios, such as in Italy, Spain and the United States. However, some countries, including South Korea, China, Japan, Taiwan and Hong Kong, have achieved relative control of the pandemic, probably associated with the surveillance response and early public health interventions based on their previous experience with SARS in 2002-2003 ([@B19]). China opted for an early lockdown with severe restrictions on domestic and international travel, disinfection of buildings and extensive testing, associated with a large increase in the health system capacity ([@B2], [@B20]). South Korea implemented an active strategy of free and massive screening for symptomatic people, case contacts and travellers; schools were closed, remote work was recommended, and large gatherings were prohibited ([@B21]). The use of masks, disinfectants and thermal detection in buildings were widespread. There have been no blockages or restrictions on movement, and people under quarantine were monitored by the government and the police through smartphone apps, with offenders punished. Private sector companies were actively involved in the dissemination and collection of virus-related information, including data on confirmed COVID-19 patients, along with nationality, gender and age of the patients, places visited by patients, and close contact tracing ([@B21]). In Hong Kong, Singapore and Japan, surveillance systems were used to identify potential cases and their contacts, diagnostic tests were developed from the outset, and laboratory testing capacity was increased ([@B22]). Different strategies were used to control travellers entering these locations, from partial entry restrictions to mandatory 14-day quarantine of non-local visitors. Taiwan worked actively on the case identification and authorities tracked down infected people and mapped cases while residents' 14-day travel history was integrated with their health insurance card details; educating the public about the risks and precautions associated with COVID-19 has also been important ([@B2]).
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A key issue for epidemiologists is to help policy makers decide the main goals of mitigation, for example, minimizing associated morbidity and mortality, avoiding an epidemic peak that saturates health care services, keeping the effects on the economy within manageable levels, and flattening the epidemic curve gaining time for the discovery of therapeutic drugs or a vaccine. Epidemiological interventions should be aimed at: a) preventing susceptible population from viral exposure, with policies to reduce human mobility, increase social distancing or incentivize individual hygienic measures ([@B23]); b) identifying exposed contacts and prevent recurrent exposure from infected patients with case and contact management (test-trace-isolate) and; c) actions to identify carriers of the virus, trough passive and active screening strategies ([@B23]). Among these measures, isolating symptomatic individuals and tracing and quarantining their contacts are the most essential ones to stop the transmission chain ([@B24]). It has been proposed that in a disease with an R~0~ = 2.5, at least 70% of the contacts should be traced at the beginning of the epidemic in order to control an outbreak ([@B23]).
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###### Estimation of the basic and effective reproductive number of COVID-19, regions of Chile, 2020

  Region           R~0~   (CrI 0.95)    R~e~ 30/ June   (CrI 0.95)
  ---------------- ------ ------------- --------------- -------------
  Arica y Parina   1,57   (1,22-2,53)   1,13            (1,00-1,26)
  Tarapacá         1,34   (1,12-1,93)   0,90            (0,82-0,99)
  Antofagasta      1,39   (1,11-2,17)   1,02            (0,97-1,07)
  Atacama          1,09   (0,97-1,37)   1,28            (1,12-1,44)
  Coquimbo         1,18   (0,96-1,72)   1,07            (0,99-1,17)
  Valparaíso       1,62   (1,31-2,55)   0,94            (0,90-0,99)
  Metropolitana    2,09   (1,73-3,28)   0,81            (0,76-0,87)
  O'Higgins        0,99   (0,82-1,38)   0,98            (0,93-1,03)
  Maule            1,21   (0,99-1,77)   0,93            (0,87-1,00)
  Ñuble            1,66   (1,28-2,74)   0,86            (0,73-1,00)
  Biobío           1,95   (1,59-3,10)   0,98            (0,93-1,04)
  Araucanía        1,87   (1,53-2,94)   0,96            (0,83-1,10)
  Los Ríos         1,70   (1,41-2,60)   1,05            (0,86-1,31)
  Los Lagos        1,62   (1,30-2,55)   0,93            (0,79-1,06)
  Aysén            1,11   (0,99-1,42)   1,79            (0,98-3,07)
  Magallanes       1,86   (1,47-3,05)   1,04            (0,84-1,26)
  Chile            2,36   (1,95-3,76)   0,87            (0,82-0,91)

R~0~, basic reproductive number, based on the first three weeks of the epidemic (3-24 March 2020); R~e~, effective reproductive number, based on last two weeks of the epidemic (16-30 June 2020).

###### Average number of new cases (*C\**), PCR rate per 10,000 inhabitants and ratio of detected cases by PCR unity (*Dc*), 11-30 June 2020, Regions of Chile

  Region               *C\** 11-30 June   *PCR rate* (per 100.000 inhab.)   Dc
  -------------------- ------------------ --------------------------------- ------
  Arica y Parinacota   39,9               68,5                              0,6
  Tarapacá             94,9               105,4                             0,9
  Antofagasta          274,4              94,4                              2,9
  Atacama              39,5               88,1                              0,4
  Coquimbo             81,4               41,0                              2,0
  Valparaíso           268,2              43,7                              6,1
  Metropolitana        2852,5             111,6                             25,6
  O'Higgins            246,3              45,1                              5,5
  Maule                166,5              66,7                              2,5
  Ñuble                34,6               52,9                              0,7
  Biobío               202,1              95,8                              2,1
  Araucanía            30,8               45,8                              0,7
  Los Ríos             10,8               58,7                              0,2
  Los Lagos            31,1               104,8                             0,3
  Aysén                1,1                69,1                              0,0
  Magallanes           12,6               90,7                              0,1
  Chile                4386,8             85,9                              51,1

In the four month analysed period, based on the public health interventions implemented in Chile, we identified four phases in the country's response to the early epidemic: first phase, between 13 and 15 March; second phase, between 16 and 26 March; third phase, between 26 March and 1 May; and fourth after 1 May.

During the first phase, the effort was focused on the detection and traceability of imported cases and on educating the population on hygiene and social distancing measures. The number of total cases reached 75 on 15 March. The following day (16 March), the government decreed the closure of schools, and universities voluntarily suspended face-to-face activities. At this time the initial estimates of *R*~e~*(t)* were high; however, with very few and sporadic cases, it was not possible yet to estimate a categorical value of the basic reproductive number (*R*~0~) since the best estimate of it is obtained by reaching the breakdown of the epidemic curve associated with control and/or mitigation measures ([@B25]).

The second stage (16 to 26 March) began with the closure of schools and universities. In this stage a state of national catastrophe was decreed (19 March) which allowed the government to impose a partial lockdown of Santiago Metropolitan Region (quarantine for small-areas within the city, called "dynamic quarantines") and a national overnight curfew (10 pm to 5 am). Several measures were taken, including restrictions for public gatherings, quarantine of older adults, 14 days-quarantine for travellers coming from countries with high COVID-19 incidence, quarantine of contacts of COVID-19 cases, restrictions for international traveling (air, land or water transport) and some domestic travels. A clear break in the epidemic curve was observed on 27 March (24 days after the first case of COVID-19), making possible to estimate the basic reproductive number: *R*~0~ = 2.38 (95% CI: 1.72-3.52). Beyond the known limitations of ecological studies ([@B26]) and specifically of the complexities in the calculation of the basic reproduction number ([@B27]), the apparent break in the viral transmission, however, cannot be associated to the dynamic quarantines since this strategy only started one day prior to the break of the epidemic curve.

The third phase (26 March to 1 May) began with the lockdown of the cities of Temuco, Chillán and Osorno which followed the small-area lockdowns of Santiago Metropolitan Region. At this stage it could be observed a progressive decrease in *R*~e~*(t)* values to close to 1.0 similar to the experience of other countries ([@B28]). In this phase, a series of dynamic quarantines were established or lifted according to the number of new cases, the speed of spread of the disease, the density of cases/km^2^, and the age profile and social vulnerability of the involved population. The compliance with quarantines was verified, controlling the entry and exit of quarantined areas in sanitary cords. In general terms, a relative but fragile stabilization was achieved in the number of daily cases in ranges that allow an adequate response from the health care system, with case fatality rates converging to those estimates reported in the international literature ([@B15],[@B5]). Early evidence suggests that this small-area lockdowns were effective in reducing human mobility and the effective reproductive number at this stage ([@B29]). Although the effective reproductive number was 1.06, the number of actively infectious individuals was close to 5,000 which could generate a maximal of 5,300 new cases in a serial period (5 days) with the subsequently increasing load for the health care system gradually.

The fourth phase (after 1 May) was characterized by a marked exponential increase in the number of cases with a quantity of active infected that has risen 8.9 times between the 1 May and 14 June (from 7,756 to 69,134). A key feature of this period was the delayed response from the authorities to implement larger-scale lockdowns after the rapid spread of cases in the poorest neighborhoods of Santiago, with high rates of household overcrowding and poverty. An increase in the occupation of ICU followed, currently being 89% nationally (95% in the Metropolitan Region) with 2,044 COVID patients undergoing invasive mechanical ventilation ([@B30]) and a significant elevation in the number of deaths, reaching 5,688 by 30 June. Later in this phase large-scale lockdowns were implemented in Santiago, that included at least five million people in the Metropolitan Region, with a recent decrease in the reproductive number, the daily cases, the load of active infected individuals and the percent of positive tests (24.2%).

Some considerations make the analysis more complex. First, there is a clear underreporting of cases that can be estimated to be close to 50% at the end of the analysed period. This questions the real value of R*e* and the effectiveness of case tracing efforts and contacts isolation. The relationship between the number of reported cases and PCR rate is still high (51.1) in average, indicating that for each point of increase in the number of PCR rate per 100,000 inhabitants, a total of 235 cases are expected to be added each week. Second, when comparing the number of PCR tests per confirmed case, the ratio observed in Chile (3.97) is much lower than the ones reported in countries such as Vietnam (671.9) or Taiwan (134.7), but close to those informed in some Latin American countries such as Argentina (12.1) and Peru (9.5) ([@B31]). A lower ratio of PCR test per confirmed case suggest that the diagnostic efforts are insufficient. Moreover, there are important differences in the diagnostic efforts made across regions of the country. Even when PCR exams are reported according to the region where the laboratory that performed the exam is located and not according to provenance of samples, this heterogeneity across regions could suggest important differences in terms of the capacity to early identify and isolate cases.

The effective reproductive number was decreasing progressively to values close to 1.0, but after 1 May there was an important increase in its value stabilizing between 1.3 and 1.4 on mid-May but decreasing recently to values lower than one from mid-June. The estimation of R*e* is sensitive to both the method used and the serial interval. We accounted for this by using serial interval values between 3 and 7, based on the usual extreme values reported in the literature, to estimate the credibility intervals of the *R*~e~*(t)* ([@B13],[@B32],[@B33]).

In order to analyse and monitor the epidemic of COVID-19, we first considered three thresholds of ICU beds occupation: 500 ICU beds, approximately 50% of the initial availability, and 2,000 ICU as an estimate of the maximum possible capacity. On 30 June, the Chilean government informed 2,075 ICU beds occupied, which is close to saturation level. The burden of ICU bed occupancy is well represented by the load index that is 1.49 at that date.

In conclusion, the COVID-19 pandemic in Chile showed a first phase of accelerated onset, followed by partially successful initial contention efforts that led to a full epidemic growth after first measures where relaxed and a delayed response to reinstall mitigation interventions occurred. The epidemic had a great increase in mid-June and in the last days is decreasing, but with high number of daily cases. Although our study is ecological and caution is needed when analysing the results, our findings suggest that the public health interventions implemented at an early stage, including school and university closures and the progressive implementation of city quarantines may have been effective for a time in decreasing the spread of the disease. However, when the pandemic was relatively controlled, three challenges may have constituted short-term risks for the country that unfolded in a failure to adequately manage the outbreak: i) the load of actively infected diagnosed patients was high with important numbers of underreported cases; ii) a diagnostic effort that was limited and heterogeneous across regions; ii) a limited reserve of ICU beds. In this context, political decisions leading to de-escalate public health interventions may have triggered an accelerated rebound in cases with a rapid high stress, near saturation level, of the health care system. The Chilean experience shows how apparently well-resourced and prepared countries could find difficulties in the management of the pandemic, suffering large outbreaks in the context of highly unequal urban areas such as Santiago.
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